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Abstract
When people accomplish tasks, it is because they are able to assign sufficient attentional resources to those tasks. In previous 
studies, body motion and facial information have not been capable of providing the information necessary to enable detailed 
estimation of allocation of attentional resources. In the present study, we focused on visual and auditory attention, and evaluated 
the allocation of attentional resources using body motion and facial information. We conducted two experiments: One used a
visual oddball paradigm and the other used an auditory oddball paradigm. The visual oddball paradigm required attention to 
visual information and the auditory oddball paradigm required attention to auditory information. Each experiment was performed 
alone (single-task paradigm) and simultaneously with a non-oddball task (dual-task paradigm). According to P300 amplitude and 
oxygenated hemoglobin concentration during the experiment, subjects were distracted during the dual tasks. Body sway 
increased from condition 1 to condition 3, but decreased from condition 3 to condition 4. Previous studies have reported that 
body sway is suppressed as the difficulty of a dual task increases. Likewise, in the present study, body sway was suppressed from 
condition 3 to condition 4. Fatigue from standing reduced the amount of attentional resources, and this decline of attentional 
resources made the subjects feel as though the tasks were difficult. The frequency of blinking was lower in the dual tasks than in 
the single-task paradigms, and this was particularly noticeable in the auditory oddball paradigm. Therefore, center-of-gravity 
sway is sensitive to a decline in attention, including the reduction in the amount of attentional resources that occurs with fatigue, 
and the frequency of blinking can distinguish visual attention and auditory attention.
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1. Introduction
People in developed countries often have accidents caused by human error because their attention has 
deteriorated due to working at night or working long hours [1]. Accidents when driving or performing factory work 
may have serious consequences. Therefore, a system that can accurately detect poor attention is required. However, 
electroencephalography (EEG) and multichannel near-infrared spectroscopy (NIRS) that can quantitatively measure 
attention are not suitable for use in everyday life because they require electrodes to be mounted on the head, which 
causes a strong feeling of restraint. There are many studies that have estimated attention using an index other than 
brain activity, including body motion, facial information, electrocardiogram (ECG), blood pressure, respiration, 
electrodermal activity and skin temperature. In particular, body motion and facial information are highly correlated
to the internal state of humans [2], and it is expected that they are able to provide an accurate estimation of attention. 
In addition, in recent years, motion sensors and Web cameras are sold at low cost, and can be used to easily measure 
body movements and facial information. In other words, an attention estimation system that uses body movements 
and facial information is likely to be spread to the public.
When people accomplish tasks, it is because they are able to assign sufficient attentional resources to those tasks. 
Although body motion and facial information have been used to estimate attention in previous studies, they have not 
been capable of providing the information necessary to enable detailed estimation of allocation of attentional 
resources. Therefore, in the present study, we focused on visual and auditory attention, and evaluated the allocation 
of attentional resources using body motion and facial information.
2. Experimental Method
2.1. Subjects
After obtaining informed consent, 15 healthy subjects participated in the study (12 male, 3 female, age range: 21–
23 years). Blood hemoglobin concentration in the brain was measured using OMM3000 (Shimadzu, Japan), a near-
infrared imaging device. The NIRS measurement sites are shown in Figure 1. In this report we focus on the frontal 
area. This is because the frontal area is relevant to cognition, judgment, attention, concentration and attention 
allocation functions. We analyzed data from channel 1 (right frontal cortex), channel 10 (central frontal cortex), 
channel 19 (left frontal cortex) and channel 25 (dorsolateral prefrontal cortex, near Brodmann area 46). Furthermore, 
physiological changes were evaluated by EEG, ECG, sway of the body's center-of-gravity, and the frequency of 
blinking. EEG was performed using the international 10-20 system. ECG was performed using the 3-point lead 
system.
 
Fig. 1. Schematic indicating probe mounting position. Probe spacing is 3 cm. We analyzed channels 1, 10, 19 and 25 (prefrontal cortex). The 
NIRS probes were positioned on the head according to the international 10-20 system.
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2.2. Tasks
We conducted two experiments. One used a visual oddball paradigm and the other used an auditory oddball 
paradigm. In the oddball tasks we presented two types of stimulus with different frequency, and subjects were 
instructed to respond when the low-frequency stimulus appeared (Fig. 2). The visual oddball paradigm required 
attention to visual information, and the auditory oddball paradigm required attention to auditory information. Each 
oddball task was performed alone (single-task paradigm) and simultaneously with a non-oddball task (dual-task
paradigm). In the experiment with the visual oddball paradigm, an auditory non-oddball task was used as the dual 
task. The auditory non-oddball task was a Stroop task in which subjects needed to change their reaction according to 
whether they heard a man's voice or a woman's voice. In the experiment with the auditory oddball paradigm, a visual 
non-oddball task was used as the dual task. The visual non-oddball task was a visual search task in which subjects 
needed to find target character to look for on the screen.
㻭 㻭 㻭 㻭 㻭 㻮 㻭
㻔㻾㼑㼍 㼏㼠㼕㼛㼚 㻕
Fig. 2. Oddball paradigm
2.3. Experimental Protocol
The experimental protocol is shown in Figure 3. The tasks were performed continuously and sequentially under 
the following four conditions: (1) first single oddball paradigm; (2) first dual task; (3) second single oddball 
paradigm; and (4) second dual task. The subjects were standing during all conditions. NIRS and ECG were 
measured from the start of the protocol.
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Fig. 3. Schematic of the experimental design. The tasks were performed continuously and sequentially under the following four conditions: (1) 
first single oddball paradigm; (2) first dual task; (3) second single oddball paradigm; and (4) second dual task. We performed two types of 
experiment: One used a visual oddball paradigm and the other used an auditory oddball paradigm.
3. Analysis
3.1. EEG
The latency and amplitude of the P300 component of the event-related brain potential waveform provides a good 
measure of human attention. The P300 component is generally elicited with an oddball paradigm. If P300 amplitude 
in the visual oddball paradigm is big, visual attention is high. If P300 amplitude in the auditory oddball paradigm is 
big, auditory attention is high. However, P300 amplitude is influenced by blinking and therefore may not accurately 
represent attention. Therefore, in the present study, attention was also evaluated using other indicators.
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3.2. NIRS
Using NIRS, we can observe oxygenated hemoglobin concentration (oxyHb), deoxygenated hemoglobin 
concentration and total hemoglobin concentration. In this study, we focused on oxyHb, because oxyHb correlates 
with changes in regional cerebral blood flow. Some researchers argue that NIRS waveforms carry important 
information, because NIRS data is not absolute, but is relative to baseline measures. To assess NIRS waveforms, it 
is not enough just to calculate the average oxyHb. We used įR[\+E, which was defined in a previous study, to 
assess the NIRS waveform. First, we applied a bandpass filter (0.001 Hz to 0.1 Hz) to oxyHb. After the bandpass 
filter, we applied a differential filter to oxyHb. We regarded values greater than zero as positive, and values less than 
]HURDVQHJDWLYH:HGHILQHGįR[\+EDVWKHSRVLWLYHFRPSRQHQWPLQXVWKHQHJDWLYHFRPSRQHQW8VLQJWKLVYDOXH
ZH FDQ DVVHVV FKDQJHV LQ R[\+E GXULQJ WKH WDVN $ SRVLWLYH YDOXH RI įR[\+E įR[\+E! LQGLFDWHV DQ RYHUDOO
increase in R[\+EOHYHODQGDQHJDWLYHYDOXHRIįR[\+EįR[\+ELQGLFDWHVDQRYHUDOOGHFUHDVHLQR[\+EOHYHO
[3, 4].
3.3. Body Sway
Body sway was measured using a force plate. After obtaining a synthetic weighted center from the data obtained 
from each sensor, we calculated the effective area of body sway. If the variance of the effective area of body sway is 
large, the body sway is large.  We calculated the effective area of body sway using equation (i): [5]
ܴܯܵ െ ܽݎ݁ܽ = ߨቌඨ
σ {(ܺ݇ െ ܺ݉݁ܽ݊ )2 + (ܻ݇ െ ܻ݉ ݁ܽ݊ )2}ܰ݇=1
ܰ
ቍ
2
 
(i)
N: number of samples
Xk, Yk: coordinates of synthetic weighted center
Xmean, Ymean: average of synthetic weighted center
3.4. Other indices
We recorded eye blinks using a Web camera, and counted the number of blinks. Because it is difficult to 
intentionally control eye blinks, the frequency of blinking is a good reflection of the human internal state [2].
In addition, subjects completed the NASA Task Load Index (NASA-TLX). NASA-TLX evaluates 6 mental 
workloads: mental demand, physical demand, temporal demand, overall performance, frustration level and effort. A
weighted evaluation of the 6 workloads was calculated and used as the weighted workload (WWL) score.
The high frequency component (HF) of the ECG represents the activity of the parasympathetic system. The low 
frequency component (LF) represents the activity of the sympathetic and parasympathetic systems. LF/HF therefore 
represents the activity of the sympathetic system, and can be used as a measure of mental strain.
4. Results
4.1. P300 Amplitude
Figure 4 shows the average P300 amplitude. The solid bars show the P300 amplitude of 15 subjects during the 
visual oddball paradigm. The hatched bars show the P300 amplitude of 15 subjects during the auditory oddball 
paradigm. When the subjects perform the dual tasks, P300 amplitude was reduced. In other words, visual attention
decreased in the dual task using the visual oddball paradigm, and auditory attention decreased in the dual task using 
the auditory oddball paradigm.
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Fig. 4. The solid bars show the average P300 amplitude of 15 subjects during the visual oddball paradigm. The hatched bars show the P300 
amplitude of 15 subjects during the auditory oddball paradigm.
4.2. Reaction Time
Reaction time was greater when subjects performed the dual tasks. However, reaction time is influenced by 
practice; therefore, an increase in reaction time isn't necessarily the same as a decrease in attention.
4.3. NIRS
)LJXUH  VKRZV WKH DYHUDJH įR[\+E RI channel 1 (right frontal cortex), channel 10 (central frontal cortex), 
channel 19 (left frontal cortex) and channel QHDU%URGPDQQDUHDįR[\+EGHFUHDVHGIURPFRQGLWLRQ (first 
single oddball paradigm) to condition 2 (first dual task) +RZHYHU įR[\+E LQFUHDVHG LQ VRPH FKDQQHOV IURP
condition 3 (second single oddball paradigm) to condition 4 (second dual task). A decrease in įR[\+ELQGLFDWHVa
decrease in oxyHb in brain blood, suggesting that the prefrontal cortex and dorsolateral prefrontal cortex were not 
active at the time of the first dual task. Compared to the first dual task and the VHFRQGGXDOWDVNįR[\+EZDVKLJKLQ
the second dual task. This difference was statistically significant.
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Fig. 5. The solid bars show the average įR[\+E amplitude of 15 subjects during the visual oddball paradigm. The hatched bars show the average 
įR[\+E of 15 subjects during the auditory oddball paradigm.
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4.4. Body Sway
Figure 6 shows the average body sway. Body sway increased from condition 1 (first single oddball paradigm) to 
condition 3 (second single oddball paradigm), but decreased from condition 3 (second single oddball paradigm) to 
condition 4 (second dual task).
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Fig. 6. The solid bars show the average body sway of 15 subjects during the visual oddball paradigm. The hatched bars show the average body 
sway of 15 subjects during the auditory oddball paradigm.
4.5. The Frequency of Blinking
Figure 7 shows the average frequency of blinking. The frequency of blinking decreased sharply in the dual tasks 
using the auditory oddball paradigm.
-2
-1.5
-1
-0.5
0
0.5
1
1.5
2
first single oddball
paradigm
first dual
 task
second single oddball
paradigm
second dual
 task
th
e 
fr
eq
ue
nc
y 
o
f b
lin
ki
n
g 
visual oddball
auditory oddball
***
****
㻖㻖㻖:p<0.001
㻖:p<0.05  
Fig. 7. The solid bars show the average frequency of blinking of 15 subjects during the visual oddball paradigm. The hatched bars show the 
average frequency of blinking of 15 subjects during the auditory oddball paradigm.
4.6. NASA-TLX
Each of the 6 mental workloads measured by the NASA-TLX differed between the visual and auditory oddball
paradigms. The values in the visual oddball experiment were high for mental demand, physical demand and 
frustration level. The values in the auditory oddball experiment were high in for demand, overall performance and 
effort. The differences in temporal demand and frustration level were statistically significant. However, the WWL 
score, which integrates the 6 domains, didn’t have statistically significant difference.
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4.7. LF/HF
Figure 8 shows the average LF/HF. When comparing the first and second halves of a task, LF/HF was higher in 
the second half than in the first half. This difference was statistically significant in the auditory oddball task. If
LF/HF is high, sympathetic activity is high, indicating that the subject has a high tension state and high mental load.
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Fig. 8. The solid bars show the average LF/HF of 15 subjects during the visual oddball paradigm. The hatched bars show the average LF/HF of 
15 subjects during the auditory oddball paradigm.
5. Discussion
In the dual tasks, the subjects were unable to pay attention to the oddball paradigms, and both their prefrontal 
cortex and dorsolateral area 46 were less active than in the signal oddball paradigm. We thus think that they were
distracted during the dual tasks. This was probably because the visual and auditory tasks used the same attention 
resource pool. In the dual task, subjects did not have enough attention resources to perform both the visual and 
auditory tasks. A UHGXFWLRQRIįR[\+Ewas observed in the dual task, because insufficient attentional resources were 
allocated to the prefrontal cortex and dorsolateral prefrontal cortex.
Body sway increased from condition 1 to condition 3, but decreased from condition 3 to condition 4. Previous 
studies have reported that body sway is suppressed as the difficulty of a dual task increases [5]. Likewise, body 
sway was suppressed from condition 3 to condition 4 in the present study. Fatigue from standing reduced the 
amount of attentional resources, and this decline of attentional resources made the subjects feel as though the tasks 
were difficult. Because the subject was distracted in the dual task, insufficient attentional resources were allocated to 
the task. Therefore, there was surplus attention resource. This surplus attention resource was allocated to the 
suppression of body sway; therefore, body sway was reduced. By contrast, because sufficient attentional resources 
were allocated to the task in the single oddball paradigm, there was no surplus attention resource that could be 
allocated to body sway. 
The frequency of blinking decreased sharply in the dual tasks using the auditory oddball paradigm. Thus, 
eyeblink frequency was more affected by visual information than by auditory information. We think that blink 
frequency is reduced when visual attention resources are reduced.
Therefore, center-of-gravity sway is sensitive to a decline in attention, including the reduction in the amount of 
attentional resources that occurs with fatigue, and the frequency of blinking can distinguish visual attention and 
auditory attention.
The WWL score, obtained by integrating the 6 domains of the NASA-TLX, had almost no difference between the 
two tasks. Therefore, the visual and auditory oddball tasks had no difference in workload. This indicates that that the 
difference in blinking frequency was due to a difference in attention resource allocation rather than a difference in 
workload. However, because workload changes within the same experiment are difficult to evaluate using NASA-
TLX, differences in workload with time need to be evaluated with another indicator.
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LF/HF tended to increase over time in the experiment. In other words, sympathetic activity increased over time in 
the upright position. Activation of the sympathetic nervous system means that the subject has remained in tension. 
This tension affects WKH RWKHU LQGLFHV )RU H[DPSOH įR[\+E LV LQIOXHQFHG E\ WKHZRUNORDG DQG WKHUH is a high 
probability that psychological burden, reflected by LF/HF, DIIHFWHGįR[\+E,QDGGLWLRQDSUHYLRXVVWXG\VKRZHG
that autonomic nervous function is involved heavily in body sway [6].
6. Conclusion
Attention estimation using conventional body movements and facial expressions may only be able to detect a
reduction in attention. However, the conventional system cannot identify the cause of any decline in attention, and it 
is not possible to provide appropriate feedback after detecting a decrease in attention. For example, if attention is 
reduced by drowsiness, it can be temporarily increased by an external stimulus. However, this does not solve the 
root of the problem. If you don’t take sleep, attention returns easily to a former state. The results of the present study
suggest that body sway is able to detect a decrease in attention due to fatigue or sleepiness and the frequency of 
blinking can detect a lack of concentration on visual information. Being able to determine the cause of a reduction in 
attention means that it is possible to present a means of correction to improve attention. This may be useful in the 
development of systems that can be applied in a variety of situations.
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